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Abstract

Background—Absolute neutrophil counts (ANCs) are lower in East African adults. To assess 

the impact of lower ANCs, we reviewed data from HIV-infected Kenyan women receiving 

antiretroviral therapy antepartum and postpartum.

Methods—The Kisumu Breastfeeding Study (KiBS) participants received an antiretroviral 

regimen from 34 weeks’ gestation through 6 months postpartum. Measured ANCs and subsequent 

illnesses were reviewed. Adverse events (AEs) potentially attributable to neutropenia were 

identified, and ANCs were graded using the 2004 Division of AIDS table for Grading the Severity 

of AEs.

Results—Among 478 women with ≥ 1 postpartum ANC measured, 298 (62.1%) women met 

criteria for an AE (<1.3 × 109 cells/L). Of those, 38 (12.5%) women experienced a nonlife-

threatening illness potentially attributable to neutropenia.

Conclusion—More than half of KiBS women met criteria for neutropenia. The mild clinical 

experience of most participants with low ANCs supports that these values might be typical for this 

population and may not result in adverse clinical sequelae.
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Introduction

The National Institutes of Health (NIH), Division of AIDS (DAIDS), has produced criteria 

for grading the severity of adult and pediatric adverse events in clinical trials related to HIV 

disease, which includes criteria for grading neutrophil and lymphocyte counts.1 These 

criteria are based on data from North American populations, but they are often used to 

identify reportable adverse events for research with populations in other regions of the world 

and as the basis for exclusion criterion from clinical trials. Normal values for white blood 

cells may vary due to methodological differences by laboratories or due to ethnicity, sex, 

environmental, and nutritional factors.2–4 Neutrophil counts have been reported to be lower 

in East African adults than in North American adults,5–11 and studies in South and West 

African adults have reported neutrophil counts with values similar to those observed among 

East African adults (Table 1).12–16 In a population of healthy adults in the United States, 

mean white blood cell counts were higher for white men (4.3 cells × 109/L) and women (4.5 

cells × 109/L) than that of black men (3.5 cells × 109/L) and women (3.8 cells × 109/L).17 

White blood cell counts are also altered significantly during pregnancy, for example, among 

North American women, white blood cell counts in the third trimester typically range from 5 

to 12 × 109 cells/L, peak at delivery ranging from 20 to 30 × 109 cells/L, then fall soon 

thereafter to prepregnancy (nonpregnant) levels.18,19

As many as 50% of HIV-infected patients may experience neutropenia over the course of 

their disease.20 As CD4 counts decrease, the risk of opportunistic infections and 

complications of neutropenia can increase and patients may have a dysfunctional neutrophil 

response.21,22 Neutropenia is also a risk factor for bacterial infections, such as pneumonia or 

sepsis for HIV-infected individuals.23,24 During the early part of the AIDS epidemic in 

North America, neutropenia was often associated with zidovudine (ZDV) treatment at doses 

higher than those used today.25–28 Zidovudine is still commonly used in many resource-

limited settings for pregnant women because of its widespread availability in a fixed-dose 

combination tablet, favorable cost, and effectiveness for prevention of mother-to-child 

transmission (PMTCT) of HIV.28

The Kisumu Breastfeeding Study (KiBS) was a phase IIb open-label single-arm PMTCT 

trial of maternal triple antiretro-viral (ARV) prophylaxis started at 34 to 36 weeks of 

gestation and continued until 24 weeks postpartum conducted in western Kenya.29 As part 

of this study, participants’ neutrophil counts were measured at each scheduled study visit. 

The unexpectedly large number of low absolute neutrophil counts (ANC) that met Division 

of AIDS (DAIDS) criteria for an adverse event prompted us to review ANCs measured in 

this trial and to assess for complications related to low ANCs. Our objectives were to 

examine the frequency of low ANCs and adverse events potentially caused by low 

neutrophil counts in HIV-infected women treated with maternal triple ARV prophylaxis.
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Methods

The Kisumu Breastfeeding Study enrolled HIV-infected ARV-naive pregnant women 

attending a public health clinic in Kisumu, Kenya, between July 2003 and November 2006; 

follow-up was completed in February 2009.29 Women meeting the inclusion criteria 

received ZDV 300 mg/lamivudine (3TC) 150 mg as a fixed-dose combination tablet 

(Combivir, GlaxoS-mithKline, Brentford, United Kingdom) taken twice daily (BID), and 

nevirapine (NVP) 200 mg (Viramune, Boehringer Ingelheim, Ingelheim, Germany) taken 

BID (after a 2-week initial dose of 200 mg once daily) or nelfinavir (NFV) 1250 mg BID 

(Viracept, Hoffmann-La Roche Ltd, Basel, Switzerland) from 34 to 36 weeks’ gestation 

through postpartum week 24. Most women discontinued antiretroviral therapy (ART) at 

post-partum week 24, though women who met World Health Organization (WHO) treatment 

criteria (CD4 count < 200 cells/mm3 or WHO stage 3 or 4) at enrollment or before 

postpartum week 24 remained on triple ART throughout the follow-up period of the study. 

Follow-up for study participants continued for up to 2 years after delivery. The Kisumu 

Breastfeeding Study was approved by the ethical review committees of Kenya Medical 

Research Institute (protocol 691) and US CDC (protocol 3677).

We collected whole blood samples in EDTA-treated anticoagulant Vacutainer tubes 

(Becton-Dickinson, San Jose, California) at each scheduled visit. Complete blood counts 

with automated white blood cell differentials were measured (Coulter Ac·T 5diff ACT 5diff 

Counter, Beckman Coulter, California). All abnormal values were validated by manual 

count. Abnormal laboratory findings were progressively followed up by recalling the 

affected participant within 72 hours for repeat confirmatory testing by manual differential. 

All critical values were reported within 1 hour for clinic management. Management of 

neutropenia was on a case-by-case basis. The Kisumu Breastfeeding Study mothers were 

followed closely within 72 hours to confirm neutropenia and then followed weekly 

depending on the clinical condition of the woman to see whether the low ANC remained 

stable or continued to decline. If the ANC level continued to decline, study clinicians 

considered switching ARV drugs.

We selected participants who had at least 1 postpartum ANC measured. We analyzed these 

participants’ ANCs at scheduled visits both antepartum and postpartum and calculated 

median, interquartile range (IQR), and range. The US 2004 DAIDS criteria were used to 

grade neutrophil counts, with grade 0 indicating a normal value and grades 1 to 4 considered 

adverse neutropenia events (see Table 2 for values).1 Grade 3 or 4 on 2 or more consecutive 

measurements indicated serious adverse events. We described ANC measures and DAIDS 

toxicity grades from scheduled antepartum and postpartum visits. Further, we examined 

postpartum adverse neutropenia events and infectious illnesses potentially attributable to 

neutropenia at postpartum weeks 2, 6, 14, 24, 36, 52, 72, and 104 and at unscheduled visits 

between these time points. Where neutropenia first occurred at the same time as an acute 

infection, we characterized the illness as simultaneous, and not the result of neutropenia, 

since we could not determine whether the illness was a result of the neutropenia or whether 

the illness caused the neutropenia. We also assessed whether a women experienced an 

illness possibly related to neutropenia by examining diagnoses from the subsequent 

scheduled or unscheduled visit (or visits, if neutropenia persisted) following an initial 
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neutropenia event. We looked for diagnoses potentially related to neutropenia, such as 

pneumonia, fever, gastroenteritis, boils, abscess, malaria, cellulitis, sepsis, or herpes zoster. 

We also reviewed the cases of women who died during the study for evidence of infectious 

causes of death near the time of an event of neutropenia. Statistical calculations were 

performed using SAS software, version 9.2 (SAS Institute, Cary, North Carolina).

A comparable study population of postpartum HIV-infected women on ZDV was not 

available for comparison. However, we were able to compare the frequency and distribution 

of ANC values measured in postpartum mothers participating in KiBS with ANCs measured 

among nonpregnant women enrolled in the HIV Outpatient Study, a longitudinal prospective 

cohort study of patients followed at 9 HIV specialty clinics throughout the United States 

since 1993.30 Women who were taking ZDV were included in the analyses, and data were 

examined for up to 2 years after initiation of ZDV therapy.

Results

Between July 2003 and November 2006, we screened 602 HIV-positive women, recruited 

from antenatal PMTCT clinics; 522 (87%) met eligibility criteria and were enrolled into 

KiBS. Median age of KiBS participants was 23 years (range 15–43 years) and the median 

CD4 count prior to ART initiation was 398 cells/mm3 (range 32–1340 cells/mm3) with 86% 

of pre-ART CD4 counts greater than 200 cells/mm3.

We had 4976 ANC observations from 478 women available for these analyses. Median 

ANCs from 32 weeks of gestation until delivery ranged from 2.55 to 3.27 cells × 109/L, 

median ANC at the first postpartum visit was 5.12 cells × 109/L, and from postpartum week 

2 to 104 ranged from 1.45 to 1.87 cells × 109/L (Table 2). Adverse neutropenia events 

(DAIDS grade 1–4 events) occurred most commonly in the first few postpartum study visits; 

the most frequent occurrence was observed in 41% of participants at postpartum week 6. Of 

the 478 women, 298 (62.3%) had at least 1 ANC value that met criteria for neutropenia. The 

baseline CD4 count in the 298 women who experienced at least 1 neutropenia event was 385 

cells/mm3 (IQR: 232–534 cells/mm3) and for the 180 women who did not experience a 

neutropenia event was 433 cells/mm3 (IQR: 302–602; P = .004). For women whose highest 

grade of neutropenia was 1 or 2, the median baseline CD4 count was 399 cells/mm3 (IQR: 

246–546); and for women whose highest grade of neutropenia was 3 or 4, the baseline CD4 

count was 325 cells/mm3 (IQR: 217–461). Baseline CD4 count was <250 cells/mm3 for 80 

(26.8%) of 298 women who experienced neutropenia and for 31 (17.2%) of 180 women who 

did not experience neutropenia (P = .01).

Among the 298 women with an ANC that met the criteria for neutropenia in KiBS, the 

highest grade of neutropenia was grade 1 or 2 for 230 (77.4%) and grade 3 or 4 for 68 

(22.8%) women. The 298 women contributed to a total of 805 episodes of neutropenia, 

including 444 episodes of grade 1 for 252 women, 236 episodes of grade 2 for 149 women, 

87 episodes of grade 3 for 68 women, and 38 episodes of grade 4 for 13 women. Of those 

women, 207 (69.7%) had more than 1 episode of neutropenia. In all, 46 women (15.4%) had 

47 episodes where they had an acute illness at the same time as neutropenia (Table 3 and 
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Figure 1). Malaria (n = 20, 42.6%) and diarrhea (n = 6, 12.8%) accounted for more than half 

of all illnesses at the same time as a neutropenia event.

Among the 298 women who experienced neutropenia, 37 (12.5%) women experienced 40 

illnesses potentially related to neutropenia at a subsequent visit. In all, 1 woman experienced 

2 illnesses and 1 woman experienced 3 illnesses following separate neutropenia events. 

Seventeen (42.5%) of the illnesses occurred within 30 days of experiencing a low ANC 

(Table 3 and Figure 1). Of the 40 illnesses, 16 occurred after grade 1 neutropenia event, 14 

after grade 2 neutropenia event, 5 after grade 3 neutropenia event, and 5 after grade 4 

neutropenia event. The most common diagnostic codes related to illness were boils or 

abscess (n = 14), pneumonia (n = 8), and gastroenteritis (n = 7; Table 3 and Figure 1).

Among the 180 women who did not experience neutropenia, there were 28 (15.5%) 

occurrences of illnesses that could potentially cause neutropenia at the same time as an ANC 

measurement. Of these 180 women, 32 (17.8%; P = .14; compared with 37 of 298 women 

who experienced neutropenia) experienced 35 illnesses that could have been classified as 

potentially related to neutropenia, even though they never experienced neutropenia. Of these 

35 illnesses, 15 (42.9%) occurred within 30 days of the closest previous ANC measurement, 

8 (22.9%) within 31 and 60 days of this date, and 12 (34.3%) more than 60 days after this 

date. Pneumonia (n = 8), gastroenteritis (n = 8), fever (n = 6), and boils/abscess (n = 5) were 

the most common illnesses experienced by these women (Figure 1).

There were 12 women who died during KiBS. The highest grade neutropenia was grade 0 

(normal) for 1 woman, grade 1 for 2 women, grade 2 for 3 women, grade 3 for 4 women, 

and grade 4 for 2 women. Of the 4 women with grade 3 neutropenia, 3 had 1 single episode 

of grade 3 neutropenia at 178, 361, and 646 days prior to death. One woman with a CD4 

count of 125 cells/mm3 who had been diagnosed with Pneumocystis pneumonia developed 

grade 3 neutropenia and died 19 days later but before delivery; the death was attributed to 

eclampsia and not infection. The other 2 women (CD4 counts = 39 and 38 cells/mm3) with 

previously normal neutrophil counts were diagnosed with a grade 4 neutropenia 

simultaneously with an acute pulmonary infection (Pneumocystis pneumonia, pneumonia 

not otherwise specified) and died 12 and 13 days later (41 and 9 days postpartum), 

respectively.

Comparison of Neutropenia of KiBS Participants to Women from the US-Based HIV 
Outpatient Study Taking ZDV

We selected 276 HIV-infected nonpregnant women (173 African American, 77 white, and 

26 other/mixed race) enrolled in the HIV Outpatient Study who were taking an ARV 

regimen that included ZDV. The median CD4 count was 362 cells/ mm3 (IQR: 203–539 

cells/mm3) and age was 39 years (IQR: 34–43 years). We evaluated 1963 ANCs measured at 

scheduled study visits approximately 3 months apart. Absolute neutrophil counts from 28 

(10%) women met criteria for an adverse neutropenia event according to DAIDS criteria: 

grade 1 neutropenia for 10 women, grade 2 for 6 women, grade 3 for 10 women, and grade 4 

for 2 women. An adverse neutropenia event was found for 23 (13.3%) of 173 African 

American women and 4 (5.2%) of 77 white women (P = .08 by Fishers exact test). Of the 26 

women of other/mixed race, 1 (3.8%) had an adverse neutropenia event. Of the 28 women 
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with an adverse neutropenia event, 2 (7%) experienced an illness potentially attributable to 

neutropenia.

Discussion

Kenyan women treated with triple ARV prophylaxis, which included ZDV, for PMTCT of 

HIV had frequent grade 1 to 4 neutropenia events; however, despite the high frequency of 

low neutrophil counts, there were few illnesses potentially attributable to neutropenia. The 

frequency of neutropenia adverse events among Kenyan women appears to be higher than 

that found in a comparative cohort study (the HIV Outpatient Study) of nonpregnant women 

taking ZDV in the United States. When compared with other reports in the literature, the 

neutrophil counts in HIV-infected Kenyan women in KiBS were comparable to neutrophil 

counts in other African populations (Table 1), though lower neutrophil counts were observed 

in a US population.17 These results support the findings of other studies that have reported 

lower neutrophil counts in African populations than the US populations and that these 

observed lower neutrophil counts may be normal for African populations. A recent study 

attempted to address this issue by developing local reference ranges from healthy 

populations in Kenya.11

During KiBS, women’s neutrophil counts were higher when pregnant, peaked at delivery, 

and decreased to likely normal levels during the postpartum period, which is consistent with 

conventional observations in pregnant women.18 Adverse neutropenia events occurred 

commonly at postpartum weeks 2, 6, and 14. Although neutropenia occurred frequently, few 

illnesses potentially attributable to neutropenia were identified among KiBS participants. 

Further, the women who did not experience a neutropenia event experienced illnesses 

potentially attributable to neutropenia at a similar frequency as women who experienced 

neutropenia events. For the 2 women who died from an infectious cause near the time of 

grade 4 neutropenia, we are unable to distinguish whether neutropenia was the cause of the 

acute illness or a consequence of an overwhelming infection in the context of advanced HIV 

disease. The other death near the time of grade 3 neutropenia in a prepartum woman with 

Pneumocystis pneumonia was attributed to eclampsia and was not part of our analysis 

designed to detect postpartum events.

Some of the neutropenia adverse events may have been the result of drug toxicity. The low 

number of women who experienced illnesses related to neutropenia suggests that what is 

characterized as abnormal neutrophil counts by US-based standards could be considered 

“normal” neutrophil counts for this population. Further, the occurrence of subsequent 

illnesses we documented among women who did not experience neutropenia indicates that 

all women experience illnesses and it may not be solely attributable to neutropenia.

A limitation of this analysis is that when an illness was diagnosed at the same time as an 

episode of neutropenia, we could not discern whether the illness contributed to the 

neutropenic event or whether the episode of neutropenia predisposed to the illness; however, 

only 46 simultaneous events were observed. Second, the time between postpartum visits 

increased over the course of the study and our likelihood of identifying an event related to a 

previous neutropenia event that would not bring a participant to medical attention decreased. 

Iuliano et al. Page 6

J Int Assoc Provid AIDS Care. Author manuscript; available in PMC 2015 December 24.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



There were 12 illnesses that occurred more than 60 days following the neutropenia event; it 

was not clear whether these illnesses were related to a previous neutropenia event. Data 

from ideal comparison populations, such as HIV-infected women from the same country 

who were not taking ARV drugs, HIV-negative postpartum women from the same country, 

or postpartum African-American HIV-infected women taking an ART regimen that included 

ZDV, were not readily available for comparison. Nevertheless, the HIV outpatient study 

(HOPS) data were suggestive that African American women on ZDV may have more 

frequent occurrence of neutropenia than white women on ZDV, though we were unable to 

ascertain the precise cause of neutropenia among women in the HOPS cohort.

Conclusion

In summary, more than half of KiBS mothers met criteria for neutropenia during at least 1 

postpartum visit according to the US-based toxicity tables. Although some events may have 

represented drug toxicity, similar postpartum incidences and severity of infections 

potentially related to neutropenia support limited published data that these values might be 

typical, rather than pathologic, for this population of postpartum HIV-infected women in 

Kenya. Using the US standards to define neutropenia in Kenya may overestimate ARV-

related adverse events and may exclude potential participants from studies. Locally derived 

clinical laboratory reference ranges developed for different populations (including pregnant 

women and infants) in African settings should be the basis for determining toxicity tables 

for use in clinical trials in these countries or within a region.11
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Figure 1. 
Number of mothers enrolled in Kisumu Breastfeeding Study according to neutropenia status 

during study and the frequencies of illness potentially associated with neutropenia. *For this 

analysis we considered the following infections occurring at the same time as a neutropenia 

event as potentially causative of neutropenia: cholera, diarrhea, dysentery, esophageal 

candidiasis, salmonellosis, typhoid, enteric fever, schistosomiasis, persistent diarrhea, loose 

stools, aspiration pneumonitis, bronchiolitis, bronchitis, pneumonia, pneumocystis 

pneumonia, tuberculosis, sepsis, neonatal sepsis, boils/abscess, cellulitis, mumps, tonsillitis, 

pelvic inflammatory disease, urinary tract infection, genital abscess, cervicitis, infected 

episiotomy, puerperal sepsis, cerebral malaria, meningitis, pyomyositis, infected laparotomy 

scar, sexually transmitted diseases, rabies, malaria, measles, and fever septic shock, chills. 

**Illnesses potentially related to a neutropenia event included pneumonia, fever, 

gastroenteritis, boils, abscess, malaria, cellulitis, sepsis, sudden death, septicemia, or herpes 

zoster.
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Table 1

Absolute Neutrophil Counts Reported for Various Populations of East, West, and Southern Africans.

Population Year Number of Patients Absolute Neutrophil Count, Median (109/L)

Eastern Africa

Rural Tanzania and Kenya, healthy adult outpatients living at5

 Sea level 1958 60 2.61 (SE: 0.12)

 3700 feet elevation 221 2.18 (SE: 0.07)

 6800 feet elevation 97 2.39 (SE: 0.10)

Urban Uganda, healthy adult students6 1961 160 2.10 (SD: 0.55–3.7)

Urban Kenya, healthy adult blood donors7 1969 152 2.11 (R: 2.00–10.7)

Rural Kenya, adult outpatients living at8

 Sea level 1969 103 2.60 (95% CI: 1.05–5.40)

 1800 feet elevation 96 2.41 (95% CI: 0.86–5.65)

 6800 feet elevation 89 2.90 (95% CI: 0.99–6.65)

Urban Uganda, healthy adult blood donors9 1971 250 1.96 (95% CI: 0.32–3.60)

Rural Uganda, healthy HIV-negative adults10

 Age 19–24 years 2002 235 1.80 (90% RI: 1.00–3.50)

 Age >24 years 845 1.80 (90% RI: 0.84–3.37)

Rural Western Kenya, population-based adults (13–34 years)11

 Female, 13–17 years 2003–2005 57 2.0 (95% CI: 1.0–6.2)

 Male, 13–17 years 76 1.9 (95% CI: 0.8–5.0)

 Female, 18–34 years 83 2.3 (95% CI: 1.3–5.4)

 Male, 18–34 years 77 2.0 (95% CI: 0.8–3.9)

Western Africa

 Zaria, Nigeria, HIV-infected adults screening visit 
for HAART11

2004 400 3.20 (R: 6.90–15.60)

 Nigeria, previously antiretroviral naive HIV-infected 
adults12

2005 100 2.32 (R: 0.00–5.48)

 Abidjan, Côte d’Ivoire, healthy HIV-infected taking 
zidovudine-containing HAART15

2005 504 1.65 (IQR: 1.22–2.26)

Southern Africa

 Zambia, healthy adult blood donors13 1972 255 1.91 (R: 0.71–3.11)

 Zimbabwe, HIV-negative pregnant women14 2002 998 5.30 (R: 0.30–21.30)

Abbreviations: HAART, highly active antiretroviral therapy; SE, standard error; SD, standard deviation; R, range; IQR, interquartile range; 95% 
CI, confidence interval; 90% RI, 90% reference interval.
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Table 3

Number and Percentage of Illnesses Potentially Attributable to Neutropenia among Women with a Grade 1 to 

4 ANC Who Received Triple Antiretroviral Prophylaxis for Prevention of Mother-to-Child Transmission of 

HIV, Kisumu, Kenya, 2003–2009.a

Neutropenia Grade

1 (n = 444) 2 (n = 236) 3 (n = 86) 4 (n = 38)

Illness after low ANC, n (%) 16 (3.6) 14 (5.9) 5 (5.8) 5 (15.2)

Days from low ANC until illness, n

 1–30 3 8 5 1

 31–60 6 3 0 2

 ≥61 7 3 0 2

Diagnoses for illness following a neutropenia event, n

 Gastroenteritis 1 5 0 1

 Pneumonia 4 0 3 1

 Boils/abscess 7 4 1 2

 Herpes zoster 1 1 0 0

 Cellulitis 1 1 0 1

 Fever 2 3 0 0

 Malaria 0 0 1 0

Illness at same visit as neutropenia event, n (%) 23 (5.2) 12 (2.1) 10 (11.6) 2 (5.3)

Diagnoses for simultaneous illness and neutropenia event, n

 Diarrhea 3 3 0 0

 Pneumonia, bronchitis, or tuberculosis 2 0 2 0

 Boils/abscess 1 2 0 0

 Herpes zoster 0 2 0 0

 Tonsillitis 3 0 0 0

 Sepsis 1 0 0 0

 Urinary tract infection 3 0 2 0

 Cellulitis 1 0 0 0

 Fever 1 0 1 0

 Malaria 8 5 5 2

Abbreviation: ANC, absolute neutrophil count.

a
See methods for definition of grade of neutropenia.
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